AD  677536 


h  r  r  i_.  i  t.  D 


MANUFACTURING 


RESEARCH 


DEPARTMENT  190-2 


/ 


EVALUATION  OF  NEW  MANUFACTURING  PROCESSES 
AND  TECHNIQUES 

FINAL  REPORT 


PR  927 


w.o.  27093 


January  1961 


P“'  r* 


Prepared 


Distribution  of  this  doauaent 
is  unlimited. 


fr 

r  NOV  1  8  1968 

>~J  v _ ^  . 


T  e 

Approved  by :  4  4. 

Dr.  L.  Arrai,  Chief 
Applied  Mfg.  research 


Checked 

<ar 


by:  d. 

C.  A.  Ives 
Group  Engine^: 


Concurrence : 

:<■  M.  Hatcher,  Manager 
Applied  Mfg.  research. 
Operating  Controls  and 
Methods 


si  or. 


C  0  N  V  A  I  h 

of  General  P'eifunics  Corporation 
(  'an  Diego) 


CONVMR- 
AS1ROn*u1'CS 

lift  13  '96! 

UBRARY 


Convair-San  Diego 


EVALUATION  OF  NEW  MANUFACTURING 
PROCESSES  AND  TECHNIQUES 

ABSTRACT 

A  number  of  Convair-San  Diego  production  problems  are  outlined. 
Facilities  which  were  investigated  in  an  effort  to  solve  the  problems 
are  listed  with  the  evaluation  and  action  taken  by  Convair. 
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Convair-San  Diego  has  not  utilized  the 
solutions  of  industry-wide  problems  pre 
sented  at  Technical  Society  Conventions 
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1.  PROJECT  TITLE:  Evaluation  of  New  Manufacturing  Processes  and 

Techniques. 

STATEMENT  OF  PROBLEM : 

The  results  of  millions  of  dollars  spent  annually  by  the  Govern¬ 
ment  and  the  airframe  industry  in  developing  new  manufacturing  pro¬ 
cess*  3  and  techniques  are  not  always  reported,  or  if  so,  not  analysed 
in  time  to  effect  utilization  in  current  programs  at  Convair-San 
Diego . 

3.  OBJECTIVE: 

(1)  To  investigate  Latest  techniques  and  facilities  used  by  other 
manufacturers  in  the  solution  of  selected  current  or  potential 
production  problems. 

(2)  To  set  up  a  controlled  experiment,  if  necessary,  to  varify  the 
results  of  investigations  and  to  incorporate  beneficial  results 
into  production  or  future  planning. 

U.  PURPOSE: 

To  take  early  advantages  of  manufacturing  improvements,  avoid 
duplication  of  efforts  and  reduce  costa. 

5.  CONCLUSION  AND  RECOMSflDATION: 

See  paragraph  6  for  the  evaluation  and  action  taken  on  each 

prob  lesn . 

6.  DEVELOPMENT  OF  PROJECT: 

6.1  Problem:  In  our  present  practice,  corrosion  is  frequently  en¬ 

countered  on  barrel  finished  parts  that  have  been  hand  dried 
by  forced  air  bloving. 

6.1.1  Facilities  Investigated:  (Kef.  7«l) 

(1)  A  heated  barrel  type  rotary  drier  with  corn  husk 

and  cob  drying  powder  -  Convair -Pomona. 
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6.  DEVELOPMENT  OF  PROJECT: 

6.1.1  Facilities  Investigated:  (Cont’d) 

(2)  A  heated  barrel  type  rotary  drier  with  saw  dust 
drying  media.  Colormatic  Sales  Co.,  Gardena, 
California. 

6.1.2  Evaluation :  The  heated  barrel  type  rotary  drier, using 
either  saw  dust  or  corn  cob  drying  compounds,  eliminates 
the  corrosion  problem. 

6.1-3  Action  Taken:  A  written  recommendation  was  submitted 
to  Department  8, to  request  a  heated  rotary  drying  unit 
for  Department  115  Capital  Budget.  The  recommendation 
was  in  support  of  a  Department  115  request. 

6.2  Problem :  Burrs  are  difficult  to  remove  from  inaccessible  small 
passageways  and  internal  blind  holes. 

6.2.1  Facilities  Investigated:  (Ref.  7*1) 

(1)  Dynamic  Internal  Hone  -  Designed  and  aeveloped  by 
Convair -Pomona. 

(2)  "Back-burring'1  machine  at  Convair -Pomona. 

6.2.2  Evaluation :  Both  machines  perform  satisfactorily,  but 
Dynamic  Internal  Hone  is  applicable  to  almost  all  tasks, 
while  "back-burring’  is  applicable  essentially  to  drilled 
holes . 

6.2.J  Action  Taken :  Convair-ban  Diego,  at  present,  does  not 

have  enough  applications  to  warrant  capital  expenditure. 
If  and  when  demand  supports  procurement,  the  Dynamic 
Internal  Hone  is  recommended  for  versatility  advantages. 
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6.  DEVELOEMEWr  OF  PROJECT:  (Cont'd) 

6-3  Problem:  Convair  ia  unable  to  make  2D  or  leas  bends  in  thin 
walled  high  strength  tubing. 

6.3*1  Facilities  Investigated :  (Ref.  7.2) 

(1)  Kilsby  Tube  Supply  -  Los  Angeles. 

(2)  Aeroquip  Mfg.  Corporation  -  Los  Angeles. 

6.3.2  Evaluation:  Bending  of  high  strength  tubing  has  not 
been  sufficiently  developed  at  the  facilities  investi¬ 
gated.  However,  a  unique  method  of  bending  1  Inch 
diameter  aluminum  tubing  to  2  inch  diameter  bends,  using 
rubber  mandrels, was  inspected. 

6.3.3  Action  Taken;  A  Project  Request  is  in  preparation  to 
evaluate  the  rubber  mandrel  method  of  bending  aluminum. 

6.4  Problem :  Excessive  hand  finishing  of  detail  parts  lends  to  a 
high-cost,  low-quality  end  product. 

6.4.1  Facilities  Investigated:  (Kef.  7*3) 

The  Fort  Worth  facility  has  expended  considerable  effort 
on  this  problem.  A  trip  was,  therefore,  mace  to  observe 
and  evaluate  the  work  accomplished  by  their  program. 

0.4.2  Evaluation:  Fort  Worth  attacked  the  problem  in  three 
steyr. ,  as  follows  ; 

(1)  Surveyed  ail  hand  finish  ope rations  and  then  acquainted 
the  factory  inspection,  tooling  and  engineering  per¬ 
sonnel  with  their  findings. 

(2)  Engineering  reviewed  all  drawings  for  consistency  of 
finish  and  debarring  requirements,  and  then  determined 
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o.  DEVELOPMENT  OF  PROJECT  : 

6.4.2  Evaluation :  (Cont'd) 

(2)  whether  all  requirements  were  necessary  and  realistic. 
Planning  reviewed  operational  planning  and  determined 
whether  all  deburr  operations  were  really  necessary 

in  order  to  reflect  engineering  requirements. 

(3)  The  third  course  of  action  was  to  determine  and  put 

to  use  the  most  economical  method  of  deburring,  break¬ 
ing  comers  or  blending,  consistent  with  requirements 
and  peculiarities  of  each  part.  Present  methods  of 
deburring  and  blending  are  as  follows: 

Barrel  finish  Sand  blast 

Chemical  etch  Hand  finish  and  hand  deburr. 

Fort  Worth  makes  every  effort  to  use  barrel  finish 
to  the  fullest  extent. 

After  analyzing  corner  breaks  of  0.01b"  as  specified 
oy  Engineering  drawing,  Fort  Worth  allowed  comer 
breaks  of  0.00?"  to  0.02?",  which  would  be  within  a 
drawing  tolerance  of  £  0.010”.  A  three  minute  im¬ 
mersion  of  aluminum  parts  in  a  chemical  etch  solution 
would  produce  a  0.005”  corner  break.  Chemical  etch 
also  performed  satisfactorily  for  blending  machined 
surfaces.  Large  machined  aluminum  bulkheads,  spar 
caps  and  machined  fittings  of  all  kinds  were  satis¬ 
factorily  deburred  by  chemical  etch. 

.Sandblast  deburring  did  not  prove  satisfactory  in 
most  cases. 
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6.  DEVELOBrfENT  OF  PROJECT:  >ont'd) 

6.4.3  Action  Taken: 

(1)  A  similar  attack  to  that  employed  by  Fort  .forth 
is  being  conducted  at  the  San  Diego  Division  in 
reducing  deburring  costs.  A  reduction  of  6  men 
in  the  deburring  area  has  been  effected  by  sub¬ 
stituting  barrel  finishing. 

(2)  Additional  equipment,  including  a  heated  barrel 
tumbler  drier  and  a  mechanical  belt  sanding  ma- 
chine^has  been  included  in  the  1961  Capital 
Budget. 

(3)  Continuing  coordination  with  Fort  forth  was 
scheduled  to  take  mutual  advantages  of  the  de¬ 
velopments  of  both  Divisions. 

•3.5  Problem :  No  successful  technique  for  brazing  honeycomb  sand¬ 
wich  panels  has  been  developed  at  Convair-3an  Diego- 
0.5.I  Facility  Investigated  :  (pel-.  7-3) 

An  electric  blanket  brazing  process  at  Con. < .r-r'ort. 
forth . 

0.5.2  Evaluation :  Ar.  excellent  cuived  production  p^  .1  i  ms 
been  brazed  by  this  method  in  the  Fort  forth  pilot 
shop.  The  arrangement  consists  of  a  Olasrock  "eference 
plane  tool  on  one  sice  only,  strip  heaters,  the  Pert 
torth  Darner  type  braze  box,  a  steel  air  pressure  bar 
and  a  testraining  cover.  To  accelerate  cool  down,  an 
n  i chanter  of  masonite  was  bonded  to  the  lower  sine 
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6.  DEVELOPMENT  OF  PROJECT: 

6.5.2  Evaluation :  (Cont'd) 

of  the  Glasrock  reference  plane,  which  had  air  passages 
through  the  tool  to  grooves  on  the  face  next  to  the 
braze  box.  A  relatively  inexpensive  electrical  power 
supply  and  control  is  required  to  operate  brazing  sys¬ 
tems  of  this  type. 

6.5-3  Action  Taken:  Fort  Worth  report  #FMR  b-251  was  obtained 
and  submitted  for  further  evaluation,  for  possible  future 
applications . 

6.6  Problem:  The  quenching  phase  of  aluminum  heat -treatment  causes 
erratic  distortion  which  necessitates  extensive  hand  straighten¬ 
ing  on  sane  part6  to  make  them  acceptable  for  use. 

6.6.1  Pacilities  Investigated:  (Ref.  7.4) 

The  following  aluminum  heat-treat  facilities  were  visited 

Ryan  Aeronautical  Corporation  -  3ar.  Diego 
Rohr  Aircraft  -  Chula  Vista 
Lockheed  Aircraft  -  Burbank 
Production  Heat-treating  Co.  -  Hollywood 
North  American  Aviation  -  El  Segundo 
Douglas  Aircraft  -  El  Segundo 

Quality  Aluminum  Heat-treating  Co.  -  El  Segundo 
South.  Calif.  Aluminum  Heat-treating  Co.  -  Vernon 
Aluminum  Alloy  Treating  Co.  -  Vernon 
Aero  Aluminum  Treating  -  Vernon 

6.6.2  Evaluation :  Tn  order  to  keep  hand  straightening  at  a 
minimum,  the  following  practices  should  be  maintained 
as  much  as  production  facilities  ana  production  loaas 
warrants.  These  practices  represent  the  consensus  of 
opinions  of  Convair, and  of  the  aluminum  heat-treat  pro¬ 
cessors  contacted. 
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o.  DFVELOjgOT  OF  PROJECT: 

o.b.2  Evaluation :  (Cont'd) 

(1)  During  the  forming  of  parts,  relatively  high  pres¬ 
sure  equipment  should  be  employed  to  obtain  5000  to 
7500  psi  forming  pressures. 

(2)  Use  salt  bath  for  heat-treating  all  finished  formed 
parts  with  the  exception  of  oObl  material. 

(3)  'There  quantity  warrants,  use  air  furnaces  and  spray 
quench  for  6061  material. 

(4)  Hand  quench  parts  where  configuration  is  conducive 
to  warpage  during  rack  or  free  fall  quench. 

(5)  ’There  free  fall  quenching  is  used,  a  drop  of  one  to 
four  feet  produces  the  most  satisfactory  parts. 

(Many  hand  quench  operations  are  in  the  free  fall 
category. ) 

(6)  Use  air  furnaces  for  parts  whicn  -ire  to  be  worke^ 
by  re -strike  or  stretch. 

(7)  Maintain  quench  water  under  -)0°F. 

(8)  Dip  quench  parts  in  a  solution  (3  parts  kerosene  tr 

1  part  tri chlor^thylene )  at  -2 u  to  -4u  F  imnc -lately 
after  water  quenching  ana  before  re  frige ml ion.  (The 
relatively  softer  material  that  results,  reduces  inane 
straightening  time.) 

(  ))  Proper  racking  is  of  the  utmost  importance. 

a.  Long  anu  relatively  narrow  parts  should  be 


racked  in  a  vertical  position,  or  as  nearly 
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o.  DEVELOPMENT  OF  PROJECT: 

0.0.2  Evaluation :  (Cont'd) 

(9)  a.  vertical  as  the  length  will  permit. 

b.  Parts  entering  the  quench  water  should  do  so 
in  a  manner  producing  a  minimum  of  resistance. 

c.  Hack  parts  to  obtain  maximum  air  circulation 
in  the  furnace  and  water  circulation  when 
entering  the  quench  water. 

d.  Heat-ureat  opemtors  must  be  trained  to  rack 
parts  to  reduce  distortion  fran  the  weight  of 
the  part  curing  the  heating  cycle  ana  from 
the  water  impact  forces  during  the  quenching. 

e.  If  a  part  distorts  during  heat -treatment,  it 
should  be  analyzed  to  determine  the  correct 
racking. 

;.  Hie  heat-treat  operator  must  ue  flexible  and 
have  the  desire  to  change  the  racking  as  re¬ 
quired  to  prevent  or  reuuce  distortion, 
g.  An  active  inspection  is  required  to  insure 
that  proper  racking  is  achieved. 

(1.1 )  ui">  air  furnace  racks  with  double  screen  floors, 
the  lottarn  rack  approximately  1-1/2'  mesh,  2'  to 
.  rerow  u  second  rack  of  approximately  j/V  mesh. 
Th*-  sc 3  '  ciffise  the  water  .  ec.ucing  the  rm- 
•mct  of  the  :virts  is  taey  strike  the  water  raiding 
c.U'-nch  :-,g  .  tne  retry  educing  wurpaee. 
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6.  DSVSLOFME NT  OF  PROJECT: 

6.6.2  Evaluation :  (Cont'd) 

(11)  Hand  straightening  methods  should  be  reviewed  with 
the  aim  of  reducing  lost  motion  and  obtaining  the 
greatest  amounts  of  production  frcni  each  straighten¬ 
ing  operation. 

(12)  Engineering  requirements  should  be  reviewed  to  de¬ 
termine  if  straightness  requirements  could  be  re¬ 
laxed.  It  is  possible  that  in  many  instances,  re¬ 
quirements  are  more  severe  than  the  application 
actually  demands. 

o.b.3  Action  Taken: 

(1)  A  Verson  V.'heelon  6S00  psi  press  is  included  in  the 
1961  Capital  Budget  Brochure  for  Plant  1 .  This  is 

in  consideration  of  evaluation  of  item  one,  paragraph 

o  •  -.i  •  2  • 

(2)  A  recommendation  was  submittea  to  the  responsible 
supervision  to  consider  increasin'*  trie  size  of  the 
salt  bath,  to  increase  our  salt  bath  heat  treat 
capabil ities . 

(3)  A  project  is  currently  in  progress  to  evaluate  ;ip 
quenching  Darts  to  sun-zero  tempera tures  immediately 
aft.ei  -■ate:  queue*  in"  a.v.l  nr* or  to  normal  refri"ern- 
♦  lor*.  This  project  is  also  evaluating  oouble  screen 
1  Loots  for  rack  quenchinr. 

■  .*  '  aekinc  nroceuures  have  teen  review  ..  Kew  jacks 
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D EVE  LOBE!  OT  OF  PPOJFCT: 

b.0.3  Action  Taken :  (Cont'd) 

(:*)  Irnve  been  installed  and  efforts  to  rack  narts  to  conform 
with  the  best  techniques  are  being  followed.  A  recom¬ 
mendation  has  been  made  and  drawings  have  been  obtained 
to  induce  illustrations  of  recommended  racking  and 
handling  of  parts  during  quenching  in  the  M.P.3.  on 
aluminum  solution  neat-treatment . 

0.7  Problem :  '-ecent  developments  in  the  high  energy  forming  field 
at  For*  .-.'orth  have  not  been  assimilated  to  supplement.  Convair- 
"un  Piero's  high  energy  forming  development . 
o.'i’.l  facility  Investigated:  Convair-Fort  ,orth  (Pef.  7.b). 

■  .  7.2  valuation  : 

PvnaDak  •  ••’velonrent  is  currently  centered  around  dete1'- 
mininr  the  ram  speed.  This  is  :one  by  tracing  the  pro¬ 
gress  of  the  advancing  ran  on  a  constant  spied  circulating 
graph  frcri  which  mllisecond  tin*-  iticrp"i°r*s  snow  +  he  ram 
advance.  The  graphic  results  can  be  seadii.  analyzed  anc 
the  ram  speed  calculated.  The  resulting  data  is  being 
usee  to  rain  more  knowledge  cf  tne  mechanics  of  tension 
crack  formation,  which  develops  in  t.he  extrusion  Process. 

dame  t  lb  Oar  rrouuction  work  is  conducted  by  the  Fort 
'orth  Fi-Vo-Pak  facility.  Forming,  trimminr  are  piercing 
.3  "on-  1c4.'  ii.  a  slogl*  odc ratio  .  essentially  free  of 
The  parts  former,  art  .'or  the  r-S :  aircruf'  . 


■ u rs . 
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DFVFLOFMEffT  OF  PPClTvCT:  front'd) 

fi.7.3  Action  Taken:  Convair-San  Diego  has  same  similar  narts 
used  on  the  present  prouuction  aircraft  which  are  being 
studied  in  the  light  of  the  Fort  Worth  developments. 

6.8  Problem:  The  Kodak  Masking  Process  has  not  been  evaluated  ns  a 
possible  capital  investment  to  supplement  chemical  milling  at 
Convai r-3an  Diego. 

0.8.I  Facility  Investigated:  Convair-Fort  Worth.  (Pef.  7.o) 

6 .6.2  'valuation :  Kodak  Metal  ttch  Desist  has  Droven  unsatis¬ 

factory  at  the  present  state  of  rteveloaaer.t .  To  cate, 
only  small  A"  x  6"  panels  nave  beer,  mask**  :  with  any  de¬ 
gree  ol'  success.  These  panels  were  made  at  Fastnan 
Kodak  Co.  Fort  Worth  work  on  l.ar^r  nane 1 3  was  unsatis¬ 
factory.  Fin  holes  in  tne  raaskants  and  1  i"t  mst  whicr, 
reactec  with  the  etchants  allowe  ;  the  etchant  to  pit 
the  metal  under  the  raaskants .  •  vhms  •  velornent 

work  is  still  required  oef'ore  the  nro"-  7  cH)  •...  -.-.rlic 
to  production  work.  Practically  no  we  >,  . . 

cue  ted  on  complex  curvature  comnonents.  ■■  wr  :  cu  id-  1 
the  Kodak  method  would  offer  the  greatest  potent  sal . 

6.8.3  Action  Taken:  It  was  recommended  trat  no  capital  •  xpon- 
lituiv  if-  naue  at  this  tim>  because  tsu-  •*«  ->cess  i *■  :n  - 
su  ff ic  ientlv  level  otw?  :.  r*  was  est  .rn  t  ■  tna+  even  n 
crash  ororram  could  not  advance  this  ue  ve  ]  comet, :  it  a 

no  ^  n  t  of  exoerc  i  tore  before  the  next  ftscal  vear*. 
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o.  DEVELOPMENT  OF  PROTECT:  (Cont'd) 

0.9  Problem :  Convair-Can  Piego  has  not  utilized  the  solutions  of 
industry-wiue  problems  presented  at  Technical  Society  Conven¬ 
tions. 

6-9.1  Facilities  Investigated:  3AE  Convention  in  L03  Angeles. 

(Ref.  7-7) 

6.9-2  Evaluation :  Fran  paper  presentations  attendee  at  the 

convention,  the  following  potential  proposals  are  under 

cons ide ration : 

(1)  Use  of  titanium  backup  bars  for  fusion  welding  to 
help  obtain  a  narrow  weld  bead  with  good  uniformity 
and  less  workpiece  distortion. 

(2)  Use  of  B.O.B.  Chevron  Joints  for  thin  gauge  metal 
fusion  welding.  Thi3  type  joint  is  self-aligning 
and  lias  a  uniform  burn-down  which  Permits  better  arc 
control . 

(•)  Use  of  a  super  coole ■:  torch  and  ranno  gas  tc  help 
-efino  the  grain  structure  in  trie  wel  .  :  ,r,e .  /.-gon 
is  passed  through  liquid  nitrogen  ann  reaches  tne 
workpiece  at  about  -l30°F. 

fu)  The  successful  fusion  welding  of  foil  metals  i-epends 
in  part,  on  the  thermodynamic  properties  a  the  weld¬ 
ing  arc.  Variations  in  work  hardening  of  certain 
3tolnless  steels,  surface  scale,  neignt  of  burr-  .own 
flanges,  power  input  and  general  non -uniformity  of 
the  metal  cause  arc  wandering.  These  effects  should 
be  studied  quantitatively. 


rwrLom-:NT  re  a^-'£I:  (co-it \i  ) 

.  ).2  -valuation : 

f8*)  Foil  seem  welding  -  a  rapid  netuoc  of  ;  u*.t.  weloinp 
on  a  seam  welder. 

'  > )  r'orming  of  refractory  metals  in  inert  atmospheres. 

(7)  Development  of  low  cost,  see  throug.n,  plast  ic  inert 
ran  fu s  i on  we  1  a lug  c nance r s  . 

(6)  Evaluation  of  methods  of  lot  segregation  oi'  refractory 
netais  t.o  ie  usee  for  foxing. 

(g)  peve Lojroent  of  hot-riveting  of  refractory  metals. 

(i1)  _valuate  effect  of  forming  conuitions  on  refractory 
netaLs  (stresseu  vs.  non -stressed ,  notch  ser.sitivitv , 
temperature,  etc.). 

(11)  -'valuate  use  of  titanium  and  refractory  metal  alloys 
as  high  temperature  brazing  materials  for  ...  action 
vacuum  brazing  dissimilar  refractc.y  .  - 
•w.y.3  Act  lor  Taken:  To  crate,  Project  He quests  have  been  t re  - 
oarer,  to  further  .ieveion  items  u.  t.c  -  >  .  *  '!  ,  :  '  «  ,  : 

(  • 
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nva  1 1  -  .an  ri»’go 
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